Introduction
Cell death plays a crucially important part in animal and plant development. 1 One of the cell death ways is that cells activate an intracellular death program and kill themselves in a controlled way. This process is known as apoptosis (or programmed cell death). Apoptosis is characterized by morphological changes such as cell shrinkage, chromatin condensation, blebbing and formation of apoptotic bodies. 2 The caspase family has been considered as central, indispensable executioners of apoptosis and responsible for major parts of morphological changes.
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GFP derivatives including enhanced green fluorescent protein (EGFP) 4,5 can be also used as a tool to measure apoptosis. [6] [7] [8] [9] [10] [11] In most of the works, GFP and its variants were used as a marker for detection of the morphological changes of apoptotic cells, and the intensity distribution was measured during the apoptosis. The fluorescence intensity of GFP is observed to decrease with apoptosis in some cases; 10,11 however, cell death processes are difficult to be analyzed quantitatively using fluorescence intensity measurements because of the ambiguity of absolute fluorescence intensity. To overcome these problems, fluorescence lifetime imaging (FLIM) is applicable, [12] [13] [14] [15] [16] [17] [18] [19] and small changes in cellular environment around fluorescent chromophores can be discussed using FLIM. Note that fluorescence lifetime is an inherent property of a 4 chromophore, and is independent of the excitation light intensity, excitation wavelength or other experimental factors that limit intensity-based steady-state measurements.
Since fluorescence lifetime depends on the local environment that affects the non-radiative rate of the chromophore, FLIM can become a powerful tool for quantitative imaging of cellular microenvironments. In fact, FLIM has been used to examine pH, calcium ion concentration, oxygen concentration, and protein interactions in living cells.
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In the present study, we have measured the fluorescence lifetime images of HeLa cells expressing EGFP in order to follow and elucidate single-cell dynamics in each cell, when the apoptosis inducer, i.e., TNF- and cycloheximide are added. 3 It is shown that the FLIM technique performs in vivo observation of change in environment of the chromophore of EGFP during the apoptosis process.
Materials and Methods
HeLa cells were cultured in Dulbecco's modified Eagle's medium (DMEM, D5796, Sigma) supplemented with 2  10 5 U dm -3 penicillin G, 200 mg dm -3 streptomycin sulfate, and 10% fetal bovine serum. Cells were incubated in humidified air with 5% CO 2 at 37C. HeLa cells were transfected overnight with 0.5 g/ml of plasmid DNA M oligomycin in serum-free DMEM without glucose for 45 minutes and then exposed to 3 M STS to induce cell death.
The method used in the FLIM measurements is based on the time-gated detection of the fluorescence intensity. A full description of the experimental system was described elsewhere.
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The FLIM measurements were carried out with an inverted confocal laser scanning microscope (Digital Eclipse C1, Nikon). times. The acquisition time was 6.5 min for each image. All the measurements were performed in a stage top incubator (INUG2-NI, Tokai Hit) with 5% CO 2 at 37C.
Results and Discussion
The Unfortunately, the space resolution in the present experiments is not high enough to discuss the detailed space distribution of the fluorescence lifetime inside the cell.
As mentioned above, the apoptosis induces the change in  av of HeLa cells expressing EGFP. In order to confirm the apoptosis-induced change in lifetime, FLIM was observed in the absence of apoptosis inducer. A great deal of work has been published for photophysical properties of wild-type GFP and its derivatives including EGFP.
4,5
It has been reported that absorption and fluorescence spectra, and fluorescence quantum yield of GFPs depend on environments such as pH, 24,25 halide ions, 26 and photoirradiation.
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According to the reports, 28, 29 apoptosis is often associated with acidification of the cytosol. In apoptotic cells, intra-cellular pH was decreased from 7.2 to 5.7 in U937 cells exposed to TNF-. Apoptosis was induced by 250 ng/ml TNF-a in combination with 14 mg/ml CHX.
